In the North-East Algeria, in the zone of diapirs, the previous hydrogeologic study of the region of Souk-Ahras Taoura had identified the multilayer aquifer system of Miocene sandstones and carbonates of lower and upper Cretaceous. The formations are generally dominated by carbonate intercalated with marl, highly fractured and folded (NE-SW), in parallel to the direction of the structures outcrops the Triassic diapiric. The thermal carbonated aquifer updates of the Neogene-quaternary of highly mineralized springs with low discharge (Hammam Tassa, Ain El Damssa); the fissural aquifer and the maastrichtian and campanian aquifers, widely exploited for the drinking water and the irrigation, contain an important potential in water. For a better understanding of the functioning of the aquifer system, it seemed necessary to characterize him by geochemical tracers of carbonates and evaporates. The geochemical data of waters of sources and main drillings showed, on one hand that thermal waters circulated rather profoundly by washing the Triassic evaporitic, and on the other hand which the fracturing in distension allowed waters to drain simultaneously aquifers. Thus, waters appearing to springs would be a mixture, in variable proportions, between the different types of water flowing in this hydrothermal karst system.
INTRODUCTION
In the North-East extreme of Algeria, karstified carbonate formations update thermomineral water with varying temperatures (24 -98°C), the synclinal basin of Souk-Ahras Taoura belongs to this province. The studies for this region are very limited and include the spa waters in regional context Guigue (1947) , Dib (1985) , Rezig et al. (1995) . Very recent work, Bouroubi (2009) , (Bouroubi and Djebbar, 2011) , focused on the entity hydrogeological of SoukAhras Taoura have identified the circulation of vast underground karst aquifer system. In this work we present the main results supplemented by geochemical tracers of carbonates and evaporites.
Geographical context:
The concerned region is situated between the Tell Atlas and Saharan Atlas, the Tunisian-Algerian border (Fig. 1) . Covering an area of 1400km 2 , the basin is subjected to a semiarid climate clearly where the average temperature of the air is 15.6°C, and rainfall is erratic (550 mm/year).
In this climate zone, winters are very cold and wet with snow estimated at 8-10 days between December and March, and the summers are very hot and dry with high evaporating power (74%). 
Geological and hydrogeological context:
The basin of Souk-Ahras Taoura belongs to the zone of diapirs eastern Algeria. This parautochthonous or autochthonous area Vila (1980) retained the inherited structure of the final phase Eocene tectonics. In this domain of the north "country-atlasic", where the Jurassic is absent, the vast folded structures SW-NE are lined with large masses of Triassic and are intensely affected by normal faults (Fig.2) Triasic complex: Recent work on the mining geology of El Ouasta anticline and Triassic of SoukAhras Haddouche (2003) , Baaouague (2010) relate a detailed petrographic description of Triassic diapiric sector of the basin Souk-Ahras Taoura. According to this study, the Triassic formations consist mainly of marls and variegated clays containing a variety of evaporate minerals. Brecciated carbonate formations of the dissolution bordering clay-gypsum insert all different materials. There are blocks of gray dolomite, limestone in plaques, sandstone and the Ophites (highly altered rocks of volcanic origin). The breccia formations also contain minerals sulfated (celestite, barite), silicates (quartz, white mica), sulfides and oxides, iron hydroxides. Among the sulfate minerals of the transition zone, the sulfate gypsum represent the least abundant, the late character of this mineral come from the alteration of anhydrite in the surface regions by hydration, from meteoric water.
Furthermore, the mineral phases are characteristic of the subsiding series and at several stages of evolution (Process of replacement and transformation) from the renewed circulation of hydrothermal fluids.
Cretaceous:
The Cretaceous formations begin with marly sandstone deposits (Barremian and Aptian). These sediments are succeeded calcareous benches (50 -250m) alternated by marls or by marlslimestones which can affect 150m of thickness. The upper Cretaceous (Senonian) is chalky.
Paleocene-Eocene: They are characterized by marls and contain little thick limestones benches of with intercalations of sandstones and conglomerates. North of the region of Souk-Ahras Taoura, Oligo-Miocene is allochthonous; he is constituted by an alternation of sandstones and clays.
Neogene:
Neogen sediments are very heterogeneous (marl, clay, sand and gravel). The Miocene is characterized by continental deposits of sandstone-marl and conglomerate reshaping essentially elements limestone, silexe and ferruginous pebbles Haddouche (2003) . It has a considerable thickness between 700 and 1200m in Merahna. Most springs are emerging in the fault zone between Madaure and Taoura (Fig. 2) . The Miocene sandstone aquifer fissured updates to several sources for fractures in the area of Madaure. Ain Tamtmat, located 06km south-west of the Taoura city is the largest emergence at a rate of around 08L/s. Other sources have very low flow (< 04L/s). Moreover, the sulfur deposited near the emergences would result of sulfate reduction by microorganisms. 
MATERIALS AND METHODS
Several sampling campaigns of water sources and drillings operations, mostly karst, were performed for fundamental chemical analyzes. On a large number of water samples analyzed in 2007 in laboratory water chemistry (National Agency of Hydraulic Resources of Constantine-Algeria), we considered nine (09) samples of water sources and boreholes of the various aquifers for which we have complete data. The physical parameters and physico-chemical, temperature, pH and electrical conductivity were measured in situ using a thermometer, pH meter and conductivity meter mark HANNA (Tables 1 and 2 ). The calcium and magnesium ions were analyzed by continuous-flow spectrometry autoanalyzer. Sodium and potassium were measured by flame photometry. Bicarbonates were analyzed by volume, sulfate by turbidimetric, chloride and nitrate were assayed by colorimetric autoanalyzer continuous flow, strontium was analyzed by ICP-MS_Jobin Yvon32 at the National Research Centre Nuclear Algiers. The geochemical reference states provide access to water flow conditions in karst systems Bakalowicz (1979 Bakalowicz ( , 1995 , Aunay et al., (2003) . Thus, the calculated variables of the system CO 2 -H 2 OCaCO 3 -MgCO 3 , such as balancing the pCO 2 and saturation indices of calcite, dolomite, gypsum have been estimated using the software charts 5.6 (Hydrogeology Laboratory of Avignon).
The mineral charge aquifers is analyzed through the concentration factor, the chloride ion is a reliable tracer of the state of concentration of a water Barbiero et al., (1992) , and an indicator of water mixtures El Achheb et al., (2003) . To understand the origin of sulphates, to very low contents of variables, we have undertaken to use the contents of strontium Millot (1979) and the ratio Sr 2+ /Ca 2+ Hsissou et al., (1996) . Strontium was analyzed in samples of Hammam Tassa, Ain El Damssa and drilling in the waters (5) and (7) Senonian aquifers.
RESULTS AND DISCUSSION
Facies and geochemical profiles of water: (Chemical data are given in Tables 4 and 5 Overall, the profiles hydrogeochemical split water into three families, and show a variation of dissolved species (TDS, °THF), directly related to the formations penetrated in the groundwater basin (Fig. 6) Moreover, the elevation of total dissolved substances in a period of low water found in the waters of Hammam Tassa, Ain El Damssa and that of the drilling (5) of the Maastrichtian aquifer can be explained by a lack of contribution meteoric water associated with a solubilization of carbonates, as indicated by the rise in calcium ions, bicarbonates, associated with a decrease of the magnesium (Table  5 ). In addition, nitrate contents assayed during the wet season and dry season are of interest both for water quality, as for how to recharge karst aquifers. Indeed, very high contents in the aquifer fissure dosed (95mg/L during the wet season and 67mg/L in the dry season), reveal a man-made pollution affected the agricultural spraying. In addition, nitrate contents assayed during the wet season and dry season are of interest both for water quality, as for how to recharge karst aquifers. Indeed, the very high contents measured in the fissural aquifer (95mg/L in wet season and 67mg/L in dry season), reveal an anthropological pollution. For what interests karst aquifer flow system, the concentration found reversed in the dry season in the source Ain Guelib (32 and 58mg/L), water drilling (5) (32 and 52mg/L), and Hammam Tassa (1 and 4mg/L), informs a delayed infiltration (slow or delayed) in the zone under saturated system. The diagram SO 4 2-/Cl -versus Mg 2+ / Na + , substances evaporite is a tracing method to visualize the spatial evolution of species evaporites. All waters which are placed in the sodium chloride facies (Fig. 7) . This distribution reflects the predominance of sodium and chloride on sulfates, especially for the deep aquifer and karst aquifers karstified carbonates Senonian. The limited analytical tools available for this study did not allow measuring the concentrations of silica (SiO 2 ). These data have helped to better characterize the deep circulation of thermal water, and therefore the potential power of the underlying karst aquifer. However, the fracturing of the Cretaceous carbonate to marly intercalations, is a significant index of the mobility of this water through marly. It can be argued that these waters are the result of a mixture in variable proportions between a thermal pole circulating in depth and a shallow pole corresponding to a direct local recharge, as is very frequent in hydrothermal sets. 
Concentration diagram:
The geochemical evolution of the salinity of the aquifer system of the basin Taoura described above, leads to consider a plot by the Cl -ion. The concentration factor (CF) is estimated from the classification of waters according to their contents of chlorides and compared with the lowest content. The concentration diagram is represented using the logarithm of the molalities of major ions versus the logarithm of the concentration factor.
The source Ain El Damssa was discarded because it is extremely charged (Table 4 ). In addition, there is a deposit of NaCl around the emergence which springs carbonates in favor of an accident North South.
With regard to other waters, the ranking of major ions molalities give in order of importance: HCO 3 -and Ca 2+ > Cl -> Na + > Mg 2+ and SO 4 2-.
The straight lines correlation of major ions (Ca 2+, Mg 2+, Na + , HCO 3 -, and SO 4 2-), with the concentration factor (Fig. 8) , all have a slope of less than 1 and a coefficient of determination between 0.35 and 0.96.
Fig.8. Concentration diagram of waters of springs and drillings (Low Waters 2007).
The regression of the sodium which joins that of chlorides, presents the most coefficient of determination (0.96). This distribution indicates that the concentration of sodium comes from the dissolution of halite.
The intersection of the lines of calcium and bicarbonate with that of chloride is a strong indication on the evaporating power and balances governed by the amount of CO 2 aq subsurface.
The shape of the line of Mg 2+ indicates two origins of this substance, one of the carbonate minerals and other evaporite minerals. It is intersected by the sulfates oriented opposite to the chlorides. This representation reveals a source of magnesium both different and common with that of sulphates. The mineral may provide these ions is the kainite KMgCl (SO 4 ) 3H 2 O.
Tracing approach of sulfates by the strontium:
We have seen in the geological context salt strontium SrSO 4 exists in the fillings of fractures of carbonates. Strontium found in traces in water is a marker of potential natural gypsum or anhydrite, and may exceptionally be used for the characterization of hydrothermal karst.
The strontium concentration varies from 0.076 to 5mg/L (Table 5 ). The highest (0.92 and 5mg/L) correspond to the thermal waters Ain Hammam Tassa and Ain El Damssa. The very low content (0.076mg/L) belongs to water drilling (7) (Campanian aquifer) and low content (0.17mg/L) corresponds to the water of the drilling (5) draining the Maastrichtian aquifer. Thus, strontium does not appear in trace amounts in the different waters analyzed.
The molar concentration ratio Sr 2+ /Ca 2+ , obviously distinguishes the thermal waters (2.75 and 4.6 ‰), water boreholes (7) and (5) (0.17 and 0.5 ‰) Senonian aquifer (Table 5 ). The high strontium contents of thermal waters poor in sulphate and sodium chloride type, suggesting a strong reduction of this ion by sulphate-reducing bacteria. This is confirmed by field observations documenting a strong sulfur smell given off by the waters to the emergence and deposition of this substance around the springs. In addition, high contents of strontium would demonstrate the diversity of evaporite rocks, alteration and geochemical heat before its emergence, and a long residence time in the saturated zone. Geochemical mechanisms made between deep water circulation and evaporitic clays being governed by a mixture of water resulting in formation of salts such as CaCO3, MgSO 4 .
The ratio of the molar concentration of strontium sulfates reported that drilling (5) (0.5 ‰) is quite high given the geochemical facies bicarbonate-calcium waters. These data could reflect two types of mixing water: either a dilution of sulfate acquired through contact with evaporites injected into the limestone, or a possible mixing with thermal waters. Finally, water drilling (7), geochemical facies of sulfate -calcium but the value of Sr 2+ / Ca 2+ (0.17 ‰) is the lowest indicates the presence of evaporite extension low in carbonates sector Merahna northeast of the basin.
The limited number of samples is insufficient to better describe both the character corruption thermomineral water that relations between the deepest waters and direct recharge. The geochemical and thermal differences observed between water points can result so either from mixtures in variable proportions with more superficial waters, or from in-depth different evolutions and from circulation in zones containing evaporites injected along major tectonic accidents. In all cases, the observed differences result from the compartmentalization of aquifers by the intense recent extensional tectonics and affects the whole region and all geological formations. (Table 3) . The saturation indices in calcite (SIc) all positive globally less than 0.5 the rest of the water reflects degassing water before they reach zones of emergence and/or with a mixture of seepage.
The net subsaturation in dolomite and low values of the molar ratio Mg 2+ /Ca 2+ calculated for the majority of waters are explained by a significant amount of aqueous CO 2 (H 2 CO 3 ) acting on the equilibrium conditions of the water. This translates into a CO 2 degassing and formation of calcium salt CaCO 3 ; this fact induces water circulation in aerated medium generated by the karstification of extensional fractures. Water of drilling (4) evolves to a supersaturation of dolomite and the Hammam Tassa is distinguished from all waters by a sharp supersaturation in dolomite.
The saturation indices in gypsum very negative for all waters and low sulfate concentrations (Table 3) , seem to indicate, first, a sulfate reduction by microorganisms (sulfate-reducing bacteria), and moreover, the formation of anhydrite.
CONCLUSION:
In spite of some works which made reference to the balneology of waters, no hydrogeologic datum allowed to envisage that a real hydrothermal karstification was able to develop in these carbonated rocks. This hydrothermal karstification confers on the deep aquifer of the remarkable hydraulic properties: a storage capacity in saturated zone well above that of a fractured aquifer and a high hydraulic conductivity. These properties and the little numerous thermal emergences and low flows (approximately 20L/s total), presumably leading to a discharge of thermal waters in the overlying aquifers (Senonian and Miocene).
Finally, the resource in water of the fissural aquifer and karstic Senonian being particularly sensitive to pollution, a plan for their sustainable management and protection is very necessary.
